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ELEGTROOERANMIOS AND THE PROPERTICS OF TONTC CRYSTALS

by NoPe Bogoritskiy, Dr.

Techs Sciv, and I.D, Fridoerg,
Candidate of Tech. Science,
Leningrad

The classification of electroceramicé, based particularly
on the electric properties of the crystalline phase, is given., It
& shown that the electric properties of electroceramics should be
viewed in connectiom with the properties of polycrystalling dielec~
trics and of polycrystals of electrgg'semi-conductors. The charac-
teristics of hijh-quality ceramic materials and manufactured artic-

les, obtained as a result of new crystal formations, are given.

Ueramic technology has taken an exceptimal meaning for the
manufacture, from the same materials, of dielectrics, semi~conduce
tors, and metals. Powder metallurgy, on one side, and electroceram~
ics, on the other, have become new important branches of industry,
founded on baking processes. In particular, electroceramics have
received wide application in present-day radiotechnical and mea-
suring apparatus, and also in vacuum installations. Ceramic mater-
ials, newly developed in thepast few years, are far removed in con-
position from pa celain, which contains clay matter, quartz, and
feldspar. Electroceramics is primarily concerned with pure poly-
crystallic formation, appearing either as oxides of metalg =~ A1203,

Ti0o, Zr0p, La203, BeO == or with combination of oxides such as

Mallite (3A1203 ¢ 2810,), Fosterite (2Mg0 o §105), or Perovskite

(ca0 » Tioz). The basic properties of these new ceramic materials

depend on the properties of the principal crystalline phase, with
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addition of other materials being necesgitated either by the de=
nands of the partleular technology ueed, or employed to neutralize

narmiul. dogredients, quch as alkaline oxldes.

As to the electrical properties, it 45 enghomary to divide

electroceranics into & group of materials with linear dependence

of polarizatlon on applied voltage (the group containing most known

ceramic materials), and into a proup with non-linear dependence of

polarization on voltage, such & barinn titenite [1)e Lelow are

shown the propertles of only the fivst group of materials, which

are of practical importence in the moaufacture of insulators and

high=Trecquency capd citorss

The dependence ol the electrical properbies of the ceramic

on the structure and on the chemlcal composition is based primarily

on the value of the dielectric consbant € and on tangent & of the
maberial. Specific volune resistivity characterizes quite accurately

the quality of the coramic, even ab high temperatures, and clectric
gtability depends in the first place cn macroscopic defects == the
degree of uniformity of the ceramic, and on thedosence from it of

hidden pores.

4 ceramic insulator conbains, together with the crystalline
or
phase, an amorphous binder amounting te from 5-10 percent e 50-60
percent, depending on the type of ceramic. The dielectric losses
of this binder are most often tied in with the struetural polariza~
tion of the random-disposed weakly~bound lonse Thus the dielectric
losses of a ceramic rod at various relationships of the crystalline
and amorphous phases are of different types. HoWever, even in
purely crysballine gbate 1t is necessary 4o disbinguish not one, but

several types of dielectric losses, differing among fhemselves in

principles
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1. Stmetural losses, due to uneven orientation of dons In

the crystal latllce, when there ere energy levels of the ion which
prevent Lt from belng in a fixed state. These losses ere Lo a
known extent slnllar to those structural losses pecullar to the

Refoxened

amorphous sta‘te\—[ﬁ] .

2, Losses due to the nature of the ilonic erystal as an elec=
\pc.('zrawu/

AN

; ph .
L tree geml-conductor [2].
Qe Ferevigwt,
3, Losses due to distributed electric condueblvity 0]
A% 18 well known, losses due bo distributed conduetivity
can be derived simply from the relationship
— /8 JoY
/chen (f = e F O ;
cf i

where \( is the electric conductivity, under congtant voltage.

Structursl lesses can be separabted from losses due to elec-
Lric semi-conductors by measuring the clectric characteristics of i
the samples after firing them in varias gaseous media, for exam-
ple in an atmosphere of oxygen and and atmosphere of hydrogen or
carbon monoxide, and alsc by investigating the effects of the

mixtures, which appear as metallic oxides.

Investigations of the crystalline properties of the ceramic

rod require the exclusion of the effects of the amorphous phase.

It is generally recognized that the ions of the alkaline metals in b

the composition of inorganic glass have an unfavorable effect on

the magnitude of the dielectric losses. fj‘ 5

Comparison of the composition of "radioporcelain" and Yultra-

porcelain! shows that in the first there are basic oxides up to 046
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percent, and in the gecondup Lo 1.4 percents Ameng the W0, the
dielectric Losses of radieporcelain are Xnown to be not less; ot

more than of witraporcelalmns

The mineral content of these naterials 18 differentt Radio-
porcelain is characterized by the presence of mllite with a basice
ally erysballine phage, while uhtraporcelain containg A ~garth-
clay (corrundum). Tt 1.8 curlous that radioporcelain prepared not
fpom mineral raw material, but from pure oxides containing less
than 0.2 percent allkalis, shows a tangent d" not, less than commer-
cial grade radioporcelalne Tigare L gshows the tangent d of the
snvestigated materials as & function of temperature. On the sane

drawing are represented the dielectric losses of baked samples of

clays (conbalning 2,5-3 percenl base oxides) and samples of %aolin

(containing less than 0.2 percent base oxides)s

A1l these data shod conclusively that the dielectric losses
of ceramics, unlike those of glasses, ¢ annot be clagsified in ac-
cordance with the contents of base oxides, if the content of these

oxides is less than 1.5-2 vercent.

1t 1is possible to deduce that in this case tangent d7 is more

=)

affected by the crystalline phase than by the glass~like phase.

This situation was confirmed to us by a study of the electiic
properties of pure crystalline formabims, particularly those of
mllite, which wes shown above to be the basis of radioporcelain,
and also of clay and Kaolin in the baked state. The temperature de-
pendence of the dielectric losges of pure mllite is shown in Fi-

gure 2e
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The high initial value of 'bgoﬁ and 1ts sharp increase with

temperature explaln the unfavorable characteristics of baked Kao=

1in, as well as the increased value of Lg (f) of radioporcelain. ‘?
Changing the gaseous medie in heat~treatment of the mullite, and

changes in the mixture, have no effect on the dielectrlc charac-

teristicss It is also well to note the excellent veproducibility

of the results in measuring tanﬁenbc{ﬂ and of the volume resistivity
of various samples of the ceramics with nullite base, made of varlous
raw maberiels and heat-treated in various states. Thus mllite is

definitely related to crystals as far as structural losses are con-

cerneds

Another crysbal with sharply defined structural losses ap-

pears to be cordierite, 2Mg0 o 2A1203 ¢ 55iCpa

The temperature dependence of the dielectric losses of cor-

dierite, synthesized from pure oxides, is also shown in Figure 2.

An entirely different group of crystals is represented by

the polycrystals of rutile or corundum (Iigure 5)s Lven in carlier
works (1937) we showed that ceramics based on corundum (aluminum
oxide) with a high content of crystalline phase did not give con~ "

sistent values of the angle of the dielectric losses. The reasons

for this were not sufficiently clear. The angle of the dielectric i
losses varied for different samples from below 1 mimite to a mat- ’
ter of degrees. [Figures 3 and l; show the temperature dependence of
polycrystalline (¥ -clay and rutile in relationship to the gaseous {
medium in which it was fired. The samples were discs of 20~40 fv
millimeters in diameter and 1-2 millimeters thick, and obtained by
baking powdered AlpOj and Ti0y of technical purity with impurities

up to 1.5 percent at temperatures corresponding to 1650~1750 de=

TR

grees and 1450-1500 degrees Centigrades

N

-5 -
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From the graphs of Flgures 3 and b follows that the firing ‘  %
of & glven group of ceramies should be congldered as 2 complex “ .
physico~chenlcal process, in which not only the temperature, but
also the reactions with the swro anding gaseons medla have nrlmary

significance. ‘ .

The electric qalities of clay=earth cevamics are Lowered Co

only under the action of oxidiming gaseous medium in the process
b of firing, and, in contrast with titanium-containing ceran ics, ap=

pear particularly high if firing is done in a hiphly reducing gaseous

medium. It is necessary to add that in the experience of Hartman

[3} who defined Algby as @ semi~conductor of reduction, the resull

u; was indicated with some secondary phenomena., As to the negative
effects that a reducing paseous medium has on the electric proper-

ties of Ti0p, nere undoubtedly occurs é transition of titanium

e forms, such as i

into another valence with resulting different o
Ti30g and other forms.

It is possible bo propose that the anomalies of the dielec~
tric losses of commercial dielectrics manvfactured Lrom corundum %3.3
rutiles can be explained by their electronic semi~conducting natures
A property of these dielectrics appears to be nigh volune resis=-
tivity, considerably higher than that of ordinary semiconductorss
A factor affecting the volume resistivity favorably appears to be

the presence in the dielectric sample of even an insignificant quan-

tity of glass separabing the individual crystals. Anomalous elec-

tric properties of cerziic materials, as related to the group of

B .‘{"’ . +
electroni# semi-conductors, become weaker the more amorphous binder

it conbains, and the more actively this amorphous binder absorbs in
1ts body the unfavorable admixtures. This empirical law finds, natu-

rally, a conmercial application.

b -
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In the case of firing of sarrrpleq of corundun ceranmics in a
reduelng medium, the emorphous phese is formed more easily, in acw
cordance with the fact that, for example, ferrous oxide, as known,
appears to be a fusing agent. On the other hand, if the tested
oxides are fired in pavder form, rather in the shape of the final
mamufacture, particenlarly low electric q%alities result if the gas-

eous medium used for firing is unfavorable, so that the content of

the amorphous phase in the case of ﬁﬁger is very low. Table 1,

listing the electric properties of clay earth fired in an oxidiz-

ing medium, illustrates this point.

TABLE 1
Temperature Degrees  Specific Volume Tangent of the angle of
Centigrade Resistivity dielectric losses at
Qhm=cine 4/ﬁ= 1l 106 cyeles
3.1010 0,0270
2,107 0.0L80

2,108 0,0L00

A separate group of mineral formabions is represented by
MgO (periclase) MgO * A1,04 (spinel) 2MgO o 5105 (Fosterite) and
MgO + S10p (Clinocenstatite)s The experiment shosrs that these are
characterized by very high electric qualities regardless of methods
of firing and raw materials used. It appears that materials of
this type are in the class of crystalline dielectrics, to which
also belong the alkaline-halloid crystals. Iven the necessary
presence of the amorphous binder in the commercial-grade samples
of a given group causes a difference between the experimentally
observed dielectric losses, and the losses calculated from the

electric conductivity.
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Summarlzing, the above data can be classifled in accordance i
with known mineral formatlon wsable inceramlc technology, as in

Table 2.
[See Table 2 on following page) :
. The views developed here can gylde practical work in search-

ing for ceramlc materials, distinguished by the most diverse charac-

teristics; for example, very high mechanilcal strength, or high re-

A Vs .. L ibes
sistance to heat, or very high electric inde,

Teo attain high mechanical strength it 1s necessary to have

in the ceramic material a large quantity of the crystalline phase,

and some quantity of ylass~like phase. Confirming this, a recently

developed ceramic material characterized by a resistange to bending

up to 6000 kilograms per square centimetcr (for cylindrical samples),
conclinT i |

tan;;entoﬂ up to 0,000L, and speedfic dieclectric swpaesiy between 8 :

and 8.5, The mechanical strength of this new ceramic mterial ex-

ceeds by 5 to 7 times the strength of insulahing porcelain and has a

strength of the order of structural steels.

4 necessary condition for wide lechnical application of elec-
troceramics, as shown by the experiment, appears to be the simplicity
of technology =-~ firing temperature not higher than 1380-1L00 degrees
Centigrade, definite plasticity of mass, and sufficiently wide tem~-
perature-range of firing. These requirements are fully met by the

. . N "’ CERe
above mentioned ceramic material, as opp%d to the earlier-known

ceramic material with enormous mechanical strength -- aluminum oxide.

At the present time it appears possible to solve the problem ‘;
of furnishing the automotive and aviation industries with high-qugl-

ity insulators for spark plugs, applying for this purpose the newly-
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TAELE 2
¥umber of MName of Crystalline Phase of Ceramic Name of Cherrical Crystalline Zlectric Properiies of Technical 1ypes of
Group Mineral Composition System at Cerariic at t = 20 degrees Centigrade
(Polycrystal) 20 degrzes Tangent 5 at Specific ¥olume Re-
Centigrade RBadioc Frecuencies sistivity in ohm.cm
(a) No structural Periclase Hgf cubical < 0.0003 )16‘1 8
Polarization Spinel cubical . £0.0003 >1018
Fosterite 2g0.5i0p  rhombic < 0.co03 >1ci8
I Pelycrystalline Clino- 1gCa5ity, monoclinical £ 0.C003 > 1018
;6 Dielectric enstatite
(b} Strong struc-  imilite rhombic 0.002¢ 1613 - gtk
tural Polarigation Cordierite 0.CCiC 1015 - 1016
Polycrystals - electronis Corundum i‘\_l203 hexagonal Depending on gaseous 1010 - 3018
fas medium and admixtures.
“Femi-conductors TiCyp tetragonal 0.CCC2 - C.C20C 10? - 1015
Polycrystals - seignette - electric Perovskite- Ba’fi03 tetragonal 0.016¢C 16i3 - acih
e type (Curie point

at T=39C de-

grees K)
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developed ceramles. Fipure 5 shows insulators for sutomebile
plugs, made of this ceremic, The mechanical strength of such in~
sulators, tested on a typlcal pendulum-impact machine, corresponds

to an angle of inclinatlion of the pendulum of 140-180 degrees.

Uther shapes of the ceramics are very effectively used for
preparation of high-voltage, high-frequency insulators, where it
is necessary Lo have considerable mechanical strength, low dielecw-
tric losses, and ability to withstand high heat (in connection with
hot solder). Figure & shows a series of ingulators for an effective

workimyg voltage up to 30 kilovolts at frequencies up to 10 megacycles.

Lxtrenely nigh indexes of ceramics were detected when the
basic materials used were spinel, periclase, fosterite, and Perov-
skite. Of the most importance in obtaining commercial-grade mat-

i erials is the proper choice of mineralizers -- insignificant addi=-
b tlons of external matter, which does not form chemical compounds
with either the component materials or with the end products of the

reaction, yet laver the temperature of the reaction.

Fiure 7 shows a barrel-type capacitor of ceramic material
with Petrovskite as a base, having a reactive capacity of 50 kilo=
volt-amperes at effective voltage of 10-12 kilovolts, comparcd with
a silmlilar mica capacitor of the same reactive capacity and the same

%‘ high-frequency voltage. The adventages of these capacitors can be
appreciated when bthey are contrasted with earlier models of the same

overall dimensions
%wh $€ Capacity sEIéom exceeded 5-6 reactive kilovolt-amperes.

Distinguished by an exceedingly high specific reactive capacw

ity, high specific capacity, and simple technology, the capacitors

have a limiting capacity in the finished product not exceeding 100
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p%eéfzgécjt This calls Ln many cases for the necessity of connacl=
ing many individual elements in parallel, Capacilors of high unit
capacity are made eliher 10 hemlspherical or in eylindrical shapas
But in normal manufacture of such articles Ly molding, broaching in
the maberial results in hidden peres and conaequantly in low elcc-
tric strengbh, particularly at hizh frequencies. Thus, for example,
tested voltage gradients of ovdinary capacitor material, at ordinary
nethods, arc about li=5 Kkilovolt/millimeters ab radio frequencies. i
On the other hand, capacltors with hidden nores are Limited as to

gafe reactive crpacity bto long waves onky, due to the jonization of

gas in the pores, resulting in an increasing 1;;1:1;;:@11‘&4/7 of the capac-

‘
"t 7:" ye /'

shop sharting at some ficld vokber Pigure § shows the dependence

\ S L dnTee . .
of lLangent on the [ield wedbe—a’of ceramic capacitors, prepared

by two different methods. As shown in Figure 3, in the case of dense
. . RN 25k 2 A
material s tangenbcr\ is independent of the field voddree up to 8-10

&

kilovolts per centimeber and correspondingly its reactive capaclty
exceeds by a factor of 3- the reactive capacity of capacitors with
hidden pores. Pigure 9 shows cylindricavéid hemisphericalﬁapacitors,

prepared in accordance with the new bechnology which insures high

density of the material.

Recently ceramic insulators are gainihg an ever wider indus=

trial acceptance replacing paper capacitors not only for high=fre-

quency circuits, but also for low-frecquency circuits at constant
\ ) consldmt
voltage and for impulse voltages. The values of dielectric permea-

wikity of present-day ceramic capacitors lie between 150 and 7500,
which permits the marufacture of miniature capacitors. TFigure 10

P A
shows a tubular ceranic capacitor of 80,000 pree=farms, designed

for a working voltage of 250 volts and intended 4o replace spark- %

suppressing paper capacitorse

- 10 =

, JE : : j el i ’ (ot o
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In this way ceramic materlals based on new erystal Lorma-

tlons satisly the most diverse demands of electric technology.
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1,
Curves showing the tangent o of radio=porcelain, ultra-porcelain,

Kaolin, and clay as a function of temperature, at £ = 1 megacycle.

1 - clay; 2 - Kaoling 3 - ra dlo=pore .0 of pure oxides; b - radio-
poreelain of commercial raw material 5 5 = ultra-porcelain of pure

oxides; O - ultra-porcelain of ccrmercial raw material.,

TIGURE 2

Ourves showing the tangent d° of mllite and cordiervite as a funce

tion of temperature at £ = 1 mepacycle, 1 - mllite; 2 - cordierite,
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FIGURE 3

%
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e,
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s

Curves showing the 'b:,i.ngeu'to/’ of samles of aluminum o%ide fired

in various gaseous media as a function of temperature, at I = 1

ed in oxidizing medivm; 2 - fired in reducing

megacycle, 1 o= Il

. mediume

‘ FIGURE b

J— i

Curves showing the tangent o of polycrystalline rutile, fired in

various gaseous media, as a funcbion of temperature, at £ = 1 mega-

cycles 1 - fired in oxidising medium; 2 - fired in reducing medium.
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FIGURE 5.
Tngulators for sparkplugs of inbernal~conbugtion
enplnes, nade from & new btype of mechanically

ghyonp ceramie [Photo)

FTURE O
sarples of high=voltage high=frequency 1Lnsulators
made of high strength, high—Lan@erahuve—reuiatin@

electroceranics. [photo]

PIOURE Te
Hew tvpe (right) of lish veltage barrel-insulator,
equivalent in reactive capaclby Lo a mica capaclbor.
[ Photo]

FIGURE 8

The tangenb df)of ceramic capacibors, prepared by various methods,

a5 a funcbion of the field intensity, ab f = 1 megacycle (accord=
ing to data from LETI). 1 - observed concealed pores; 2 -~ dense

structure.
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PIGURE 9
New types of high-voltage ceramic capacitors with
increased electrical strength == henispherical and
eylindrical of capacitance of 1000 pico-farads, and
parvel-type (conter) pressed in plastic, with capac-
Ltance of 800 pico-farads, ab test voltage of 15

kilovolls. [Photo]

TIGURE LO.
Tubular ceramic capacitor of capaclty 530,000 pilco=
farads (below) to replace a paper arc-suppressing

capacitor. [Photo]
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